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New 50-Wat t Amplifier Circuit 
A U N O AM P L I K I E K > — b e i n g one of The 

oldest fo rms o f equipment built 
using the three or more element 

tube—are now one of the most difli-ult 
devices to improve, and perhap? mi 
other field o f e lect ronic endeavor bus 
been given more t ime or lias been 
studied by more )>eople. O n e o : the 
major reasons sound amplifiers arc dif-
ficult to design is the requirement for 
very wide f requency range, highest t<> 
lowest running up to 20.000 to 1 in 
order to meet the ever increas ing de
mand for more faithful reproduct ion of 

Fig. I . S i m p l i f i e d o u t p u t c i r c u i t o f c o n 
v e n t i o n a l p u s h - p u l l a m p l i f i e r . 

audio range of f rom l b to 20,000 cps. 
This wide range is probably the most 
rigid requirement for any e lect ronic 
device regardless o f its use. T o satisfy 
the design requirements for an audio 
rmplifier, several problems must be over
come. At the low end o f the audio band 
the requirement for sufficient core ma
terial of proper magnet ic properties 
must be weighed against core loss, 
weight, size, and expense. These quan
tities bear an inverse relat ionship to 
the total number of turns, but the total 
turns bear an inverse relationship to 
the leakage induc tance and the effective 
shunt capaci tance. At frequencies o f 
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15,000 ep* and higher the shunt capac i 
tance ucru.-.» the primary circuit o f out
put transformer- becomes one o f the 
major l imit ing factors, regardless o f the 
mode o f operat ion o f the output stage. 
When the output stage is operated 
Class A B or Class B to improve the 
efficiency, then an addit ional problem 
growing out of the switching f rom one 
side o f the circuit to the other in the 
output stage and thus produc ing a 
transient has been a barrier for over 
20 years and has made practically use
less such circuits except in appl icat ions 
where the harmonic content was not 
of great impor tance or where the range 
was l imited over which such c i rcui ts 
are operated. This transient appears as 

F i g . 2 . O s c i l l o s c o p e t r a c e s h o w i n g 
n o t c h e s in o u t p u t w a v e w h e n o p e r a t i n g 

b e t w e e n C l a s s A a n d C l a s s B. 

a notch in the signal wave form and 
was first described in but for 
which no .-olntioii \va> suggested beyond 
that o f reducing the leakage inductance 
of the output transformer or of biasing 
the amplifier stage back to Class A 
operation. 

T h e basic c i rcui t which we are about 
to describe grew out of an attempt to 
meet many considerat ions and require
ments based upon tests and measure
ments made concern ing the ability o f 

the ear to detect distort ion, the range 
and power o f speech and musical in
struments, the impulse characterist ics 
o f sound, the load impedance variat ions 
and effects o f loudspeakers and other 
devices. A treatment of these basic re
quirements must be reserved for a later 
discussion. 

Output Circuit 

F'ujure 1 illustrates the output cir
cuit of the convent ional pushpull am
plifier in simplified form. It will be 
seen that the plates are connected in 
the conventional way to the primaries 
oi the output transformer and the re
sistor f o rming the load is shown c o n 
nected to the secondary. The plate-to-
plate ini]>edance in this c i rcui t is 4000 
ohms. This is about right for a pair of 
6LG's as used in the Mc in tosh 50W-1 
amplifier. At tent ion is called to the 
1000-ohm impedance which corresponds 
to the c i rcui t f rom the plate to the 
center tap o f the primary of this out 
put transformer These impedances 
should be borne in mind as later refer
ence will be made to them as part o f 

1 A. I'. Sah Quasi-Transients in Class B 
Audio Frequency Push-Pull Amplifiers. 
Proc. IRE, Nov. 1936. 

F i g . 3. T r a c e s h o w i n g t r a n s f e r c h a r a c 
t e r i s t i c o f o u t p u t t u b e s w i t h d i s c o n 

t i n u i t y d u e t o n o t c h o f F i g . 2 . 

the descript ion o f the new circui t . In 
the discussion to fo l low it is assumed 
that each o f the tubes in the output 
c i rcu i t alternately cease to draw cur
rent during a |iortion of the audio 
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F i g . 4. O n e m e t h o d o f m i n i m i z i n g l e a k 
a g e r e a c t a n c e b y use o f s e c t i o n a l i z e d 

p r i m a r y w i n d i n g . 

F i g . 5. S i m p l i f i e d f o r m of n e w c o u p l i n g 
a r r a n g m e n t f o r a m p l i f i e r o u t p u t s t a g e . 

cycle and, therefore, are operated some
where between Class A and Class B . 

Exper i ence has shown that us ing the 
circuit of Fig. 1 and operat ing between 
Class A and Class B will result in a 
deformity, appear ing as a " n o t c h " as 

shown in Fig. 2 fo r all f requencies above 
approximately 2.000 to 3,000 cps. Th i s 
waveform distort ion measures 2 to 10 
per cent or more depending upon the 
frequency and the leakage reactance 
exist ing between the two pr imary wind
ings. This " n o t c h " occurs because there 
is a residual leakage induc tance in the 
plate c i rcui t o f each of the output tubes 
which becomes a source of vol tage in
dependent o f that voltage dr iv ing the 
stage at the instant when one tube 
ceaces to draw current and the other 
tube draws more current- Th i s residual 
inductance or leakage reactance acts 
like an induc tance through which the 
current has suddenly been cut off, and it 
generates a back e.m.f. which distorts 
the output wave. T h e value o f this leak
age reactance must be minute ly small 
so that the dis tort ion of the wave fo rm 
at the highest f requency will no t ex-
***** 1 Per cent. T h i s effect has no pana-
c e a . so far as we know. 

•Negative feedback, the usual panacea, 

doe- not improve the si tuation, as mighl 
In expected, but rather tend.- to make 
it worse. T o can eel the notch in the 
waveform a current flow would be re
quired through the tube in the reverse 
direct ion to that which the electron 
flow permits , at the time the tube erase-
To draw current dur ing the normal cycle 
of operation. Ano the r way to describe 
what happens in the circuit is to con
sider Fig. '•'>• Here is shown an osci l lo
graphic trace of the transfer character
istic o f the output tubes. The presence 
of leakage reactance between the two 
pr imary wind ings causes a d iscont inui ty 
1" exist in this characterist ic. This is 
the barrier which has been the source 
oi frustration o f many engineers for 
years past and is perhaps the major 
n. i .-un that high efficiency nnd low dis
tort ion could not be made compat ib le . 

Reduc ing L e a k a g e R e a c t a n c e 
There are a number o f approaches 

a imed at reducing the leakage reactance 
but the penalty has been so great that 
the value of the increased coupl ing be
tween pr imary windings has been offset 
sufficiently to make these approaches 
no solut ion at all, or o f little value. 
Figure U shows symbol ical ly the set— 
t ional iz ing of the two pr imary windings 
shown in Fig. 1. H e r e the pr imary is 
made u p o f m a n y coils which are con
nected in such a fashion as to tend to 
make all the wind ings occupy the same 
space. Th i s is an effective means of in
creasing the coup l ing between two coils 
and does increase the f requency at 
which the " n o t c h " first appears. H o w 
ever, this approach has the disadvantage 
o f increasing the shunting capaci tance 
effects between the two plates o f the 
c i rcu i t to such an extent that the high 
f requencies are by-passed. There doesn' t 
seem to be any pract ical way to sect ion-
alize and interleave these wind ings to 
e l iminate the leakage reactance effect 

F i g . 6. S t e p s in d e v e l o p m e n t o f c o u p 
l ing c i r c u i t . 

and at the same t ime avoid the shunt 
capaci tance effects. Ano the r method 
which suggests itself as a result o f the 
experience just described is to use a 
much larger core, permi t ing a reduc
t ion in the number of turns required 
in the windings o f the pr imary c i rcu i t . 
Th i s approach requires a very large 
core in the order o f 125 pounds to effect 
u sufficient reduct ion in leakage reac
tance. Th i s compares very unfavorably 
with the 11-pound core required in this 
new uni ty coupled output c i rcui t for 
the same performance. I t may be well to 
ment ion here also that the use o f a 
large core has several other d isadvan
tages among which is higher dis tort ion, 
particularly at low output levels. Th i s is 
due to the non-l inear characterist ics o f 
the magne t i c material and the relative-

F i g . 7 . F i n a l b a s i c a r r a n g e m e n t e m p l o y e d t o p r o v i d e d . c . v o l t a g e f o r s c r e e n g r i d , 
b u t a t t h e s a m e a . c . p o t e n t i a l a s t h e c o r r e s p o n d i n g c a t h o d e . 
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ly larger totul loss i nthe larger core. It 
would be well to j>oint out at this t ime 
that fo r 6 L G tubes operated in Class A B 
or Class B , the ra t io o f induc t ive reac
tance o f the pr imary o f the output 
transformer to the leakage reactance 
between the primaries must be 80,000 to 
one or greater to permi t 1 per cent dis
tortion at 20 kes and full output to as 
low as 20 cps. 

F rom the above discussion it seem-
impractical to reduce the leakage re
actance sufficiently to pe rmi t high-efh-
eiency oj>eration and the on ly hope, 
therefore, is to g o back to a conven
tional Class A arrangement where :• 
discont inui ty in the current drawn ! 
each of the tubes does not occu r over 
the operat ing cyc le . The solut ion i><r 
high efficiency operat ion require.- an 
unconvent ional c i rcu i t wh ich will ef
fectively e l iminate the leakage react
ance between the pr imary windings . 

Figure 5 illustrates the approach 
made to c i rcumvent the problems de
scribed above. The convent iona l output 
primary c i rcu i t is again shown with the 
primary marked 2 in dotted fo rm. For 
s implici ty the power supplies are el imi
nated and the midpoin t o f this pr imary 
i> shown connected to the associated 
cathodes. T h e solid jjosition o f primary 
2 is shown adjacent to pr imary 1 and 
this illustrates the first step in the de
velopment of the uni ty coupled ampli
fier. These two primaries are wound 

F i g . 8. E q u i v a l e n t c i r c u i t s i m p l i f i e d 

f r o m F i g . 7. 

together in a bifilar manner as i f they 
were one winding and. therefore, there 
is between them both a capaci tance 
coupl ing turn by turn, and a magnet ic 
coupl ing due to the presence of the c o m 
mon core. S ince the wires occupy prac
tically the same space, the coup l ing is 
exceedingly high and measurements 
show that it i- practicule to wind coi ls 
with a rat io of primary inductance to 
leakage reactance much better than 
2000,000 to 1. This , therefore, provides 
a way to e l iminate the leakage reactance 
which in convent ional transformers far 
exceeds the m i n i m u m ratio requirement 

o f 80,000 to 1. W e now, therefore, have 
a system which appears to have promise 
by reason of finding a way to el iminate 
the leakage reactance between the pri
mary windings which in turn removes 
the barrier which has blocked for so 
many years the use o f high- efficiency 
c i rcui ts in high quality audio amplifiers. 

It is obvious that other varations o f 
approach have been considered which 
accompl ish the desired purpose to 
some extent at least, such as winding 
the two primaries on a common core 
not hifilarly and uti l izing a suitable 
capaci tance for couping the ends of 
these windings so as to maintain the 
TWO windings at proper and identical 
a.c. potentials. One advantage o f the 
bifilar winding is, of course, a reduc
tion o f the number o f components re
quired, and it sidesteps some o f the dif
ficulties which grow out of the use of 
alternate approaches. It may also be 
obvious here that since the two pr imary 
windings are uni ty coupled there is no 
longer any need for sect ional iz ing the 
pr imary as is c o m m o n in high quali ty 
transformers today. This results in an 
e c o n o m y in manufacture. 

Circuit A r r a n g e m e n t 

T o make Fig. 5 a practical c i rcui t , 
the cathodes are connected to one coil 
and the plates to the other coil without 
chang ing their ]>osition in the c i rcui t 
f rom an a.c. standj>oint hut permit t ing 
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50-WATT AMPLIFIER 

the appl icat ion o f the d.c. plate supply 
between these coi ls . 

Figure 6 ( A ) illustrates a further 
step in the deve lopment o f the final cir
cu i t and - shows a ca thode- loaded ar
rangement with a required plate supply 
isolat ion reactance. H e r e i t will be seen 
that the ca thode load ing results f rom 
the method o f drive. F o r instance, tube 
1 is driven f rom the cont ro l g r id to the 
far side o f its load which is, f rom an 
a.c. s tandpoint , at the same potential 
as its plate, and s imilar ly tube 2 is 
driven in a l ike symmetr ica l manner . "In 
order to dr ive the stage, i t is necessary 
to d o two t h i n g s : to p rov ide an input 
t ransformer o r s imilar dev ice and to 
provide an isolat ion reactor which has 
sufficient impedance to keep the plate 
supply and the amplifier stage isolated 
f rom ah a.c. s tandpoint . I t will be seen 
here that the ent i re stage is floating 
with respect to g round . A t points A 
and B in Fig. 6 ( A ) i t wil l be noted 
that the full vo l tage developed across 
the ou tput s tage appears to add to the 
difficult problem o f des ign ing a driver 
t ransformer able to handle the large 
voltages needed to dr ive the ou tput 
stage. These difficulties—as well as the 
requirement f o r w ide f requency range, 
balanced coup ing , and h igh impedance 
p r imary—make this t ransformer some
what imprac t i ca l i f not- impossible . 

D e l e t i n g the isolat ion reactors f rom 
the c i r cu i t o f Fig. 6 ( A ) ' g i v e s the c i r 
cui t o f 6 ( B ) in which the two cathodes 
remain at the signal potential difference 
o f the ou tput t ransformer pr imary, bu t 
one cathode has been returned to g round 
while the o ther is le f t floating. A g a i n 
the design o f an input t ransformer is 
h igh ly imprac t ica l . 

A n at tempt, therefore , was m a d e to 
ge t away f rom the four- terminal input 
c i rcu i t required by Fig. 6 ( B ) and g o 
back to the convent iona l three-terminal 
input i f at all possible. T h i s was ac
complished by .the c i rcu i t as illustrated 
in Fig. 7, which is s imilar to those o f 
Fig. 6 except that instead o f d r iv ing 
the stage fully cathode loaded, the poin t 
A o f Fig. 6 ( A ) was connected to the 
mid-poin t o f the cathode w ind ing which , 
o f course, suggested that p o i n t B be 
Connected to that same ca thode m i d 
point . W e now, therefore, have our 
three-terminal convent ional dr ive cir
cui t , and fur thermore we find that tins 
mid -po in t can be grounded , which i m 
mediate ly suggests that the plate supply 
can be similarly attached to the m i d 
point on the plate w ind ing o f the out
put t ransformer, and finally this e l imi

nates the need for the isolation reactors. 
Concent ra t ing first on the o u t p u t 

t ransformer pr imary and taking f o r in
stance the a.c. current path f rom the 

screen. Figure fi illustrates a simplified 
equivalent c i rcui t o f Fig. 7 that may 
clar i fy the use o f the ' take turn* pri
mary idea. 

F i g . 10. P e r f o r m a n c e c h a r a c t e r i s t i c s o f 5 0 W - I a m p l i f i e r . 

plate supply at + upwards through the 
winding and to the plate of the lower 
tube, thence from its cathode through 
its winding to the center point and 
therefore back to the power supply, we 
have utilized one plate winding and 
one cathode winding on opposite halves 
of these coils. Considering the upper 
tube, we find a similar situation. It is 
seen that half of .the output winding 
is in the cathode circuit and half is in 
the plate circuit for each tube, but since 
the two windings are coupled tightly 
from an a.c. standpoint, they become 
practically identical, and therefore we 
have an output stage which utilizes 
essentially the same primary windings. 
Since this is so, it is obvious that there 
can be no leakage reactance between 
the output coils for the two tubes. In 
addition to the compatibility now possi
ble between high efficiency and high 
quality, there are several other advan
tages of this circuit arrangement which 
are described. 

Circuit A d v a n t a g e s 
It is convenient with this circuit to 

use either pentodes or triodes. Figure 
7 shows the screen grid connected in a 
suitable manner to make use of the in
herent efficiency in power conversion of 
pentodes or beam power tubes. The re
quirement that the screen be kept at 
a constant d.c. potential with respect 
to the cathode is fully met by virtue 
of the fact that the two windings are 
coupled so tightly that no a.c. potential 
can develop between the cathode of 
either tube and i t s c o r r e s p o n d i n g 
screen. It is obvious also -that a con
stant d.c. potential equal to the plate 
voltage, in this case, is provided for the 

.Referring back to Fig. 7, some o f the 
addit ional advantages o f these c i rcui ts 
will be described. T h e impedance b e 
tween the tubes is now 1000 ohms in
stead of 4-000 ohms shown for the c o n 
vent ional c i rcu i t in Fig. 1. T h e impe
dance between either s ide and ground 
is only 250 ohms instead o f 1000 ohms. 
T h i s 4- to- l impedance reduct ion be
tween the tubes reduces the effects o f 
stray capaci tances by a fac to r o f 4 , per
mi t s a wide extension o f the aud io pass 
band, and reduces the phase shift o f the 
fundamental and the harmonics . Fu r 
thermore, s ince the two pr imary wind
ings now look l ike o n e w i n d i n g to the 
secondary, the effective turns rat io has 
been reduced by a fac to r o f 2 to 1 b e 
tween pr imary and secondary. T h i s re
sults in a 4- to- l coup l ing advantage 
over the c i rcui t shown in Fig. 1. S i n c e 
both the shunt ing capaci tance imped
ance advantage o f 4, and the coup l ing 
advantage o f 4 o c c u r s imul taneously , 
there is inherently a 16- to- l advantage 
in this c i rcui t over the convent ional c i r 
cui t . Th i s advantage obtains regardless 
o f the class o f operat ion o f the tubes. 
Therefore , no t only has the barrier been 
crossed to permit the use o f high effi
c i ency at low distort ion, but at the same 
t ime a substantial improvement in cir
cu i t characterist ics has been found . 

Figure 7 also shows that s o m e direct-
coupled negat ive vol tage feedback is 
used. I t wil l be seen that s ince half o f 
the load is in the cathode and half o f 
the load is in the plate, as before men
t ioned, almost the entire gain in this 
final stage is lost by vir tue o f the feed
back resulting f rom this method o f load
ing. Addi t iona l feedback is achieved 



by connec t ing suitable resistors between 
the cathodes o f the ou tpu t tubes and 
the cathodes of the phase inverter stage. 
This combina t ion o f feedback results 
in improv ing the l inear i ty o f the ampli
fier and permits the manufac tu re of 
amplifiers on a regular p roduc t ion basis 
which can be guaranteed to have less 
than 1 per cent dis tor t ion over a wide 
range o f f requencies . 

This feedback also reduces the intern
al generator i m p e d a n c e to a value ap
proximately one-tenth of the referred 
load impedance. Th i s means that the 
output circui t , say the 8-ohm winding , 
look ing back in to the amplifier would 
be 8/10th o f an o h m . T h i s l o w genera
tor impedance provides t w o desirable 
characterist ics. 
Low Output I m p e d a n c e 

It is obvious that i f the impedance 
« f the load device—such as a speaker— 
should change, as i t usual ly does over 
the range o f f requencies f o r which it 
is used, then the effective amplif icat ion 
will l i k e w i s e c h a n g e , resul t ing in a 
l imi ta t ion o f the power ou tpu t or seri
ous distort ion, or both. There fore , it 
is important in the des ign o f an 
amplifier that is to be used anywhere 
but on a test bench and w o r k i n g into 
a resistance load, that i t shou ld be made 
as free as possible o f the effects o f load 
impedance in order that the design per-
fo rmance o f the amplifier can be real
ized in actual pract ice . T h e 5 0 W - 1 am
plifier for all pract ical purposes isolates 
the effect o f the load on the effective 
amplif ication o f the o u t p u t s tage be
cause o f this l ow va lue o f generator 
impedance . Fur thermore , the t endency 
o f the load device to c o n t i n u e mot ion 
after the in i t ia t ing signals have ceased 
is effectively damped. Th i s means that 
any back e.m.f. generated by the load 
device sees such a l ow resistance looking 
back to the amplifier that the counter 
e.m.f. result ing f rom this l ow resistance 
dynamica l ly brakes the . load dev ice and 
quickly damps out any free oscilla
t ion. Theoret ical ly there is no m i n i m u m 
limit to which this internal generator 
impedance can g o to act as a benefit in 
both of the pr inciples above ment ioned. 
Howeve r , g o i n g f rom the d a m p i n g fac
tor o f ten to zero for the use in audio 
devices produces only a minu t e im
provement in damping s ince the load 
devices do not approach 100 per cent 
efficiency. F o r some appl ica t ions the in 
ternal generator impedance has been 
made 1 '100th o f the nomina l impe
dance. 

One o f the apparent ly convent ional 
features o f the amplifier is the driver 
transformer for the output stage. S ince 
the direct current drawn f rom the power 
supply by the Class B stage is propor
tional to the input signal level , and 

since the power supply internal resist
ance can no t economica l ly be made 
to approach zero ohms, there will be 
a change in plate vol tage with a change 
in input level. A t best, change in level 
o f a s ingle-frequency signal from zero 
to full output, the change in plate volt
age cannot be made less than 25 volts. 

I f the dr iver plate vol tage were to be 
derived f r o m this va ry ing source and 
the dr iver were resistance-capacitance 
coupled to the control gr ids o f the Class 
B amplifier tubes, the change in plate 
voltage would appear as a change in 
bias adding to the bias for an increas
ing signal and subtract ing f r o m i t fo r 
a decreasing signal. A 15- to 30-volt 
increase in bias vol tage would shift 
both output tubes toward Class C oper
ation and consequent current cutoff 
dur ing both crossover periods for a 
length o f t ime depending on the dura
tion o f the change in level and the t ime 
constant o f the resis tance-capacitance 
Coupling c i rcu i t . T h e increase in bias 
signal level change will appear as trans
ient dis tor t ion. T o avoid this source of 
distortion either separate power supplies 
or t ransformer coup l ing is required be
tween the dr iver and the output stage. 
T h e des ign o f a h igh- impedance push-
pull t ransformer a long conventional 
l ines is another impract ical problem. 
T o keep wave fo rm distort ion and cur
rent consumpt ion low in the driver 
stage, the pr imary impedance of the 
driver t ransformer must be kept above 
100,000 ohms f rom 20 cyc les to 30,000 
cycles . T h e response o f the transformer 
f rom p r imary to secondary should not 
show m o r e than a 0.1 db var ia t ion from 
18 cps to 30 kcs in order to funct ion 
within a second feedback path in the 
amplifier. A l l o f these requirements 
were met by resort ing again to the 
bifilar cons t ruc t ion where the input 
windings are wound together, g iv ing 
pract ical ly 100 per cent coup l ing inde
pendent o f f requency. 

Figure i"1 shows the schematic dia
gram illustrating the 50W-1 watt am
plifier i nc lud ing the phase inverter, 
v o l u m e control and preamplifier. I t will 
be seen-from this c i rcui t that the driver 
output stages are s imilar to those dia
gramed in Fig. 7. T h e output trans
former provides for 4, S, 1G, and 32 
ohms balanced or unbalanced, as well 
as 600 o h m ; balanced. It will be noted 
that the 600-ohm tap is taken off the 
p r i m a r y w i n d i n g connected to the 
cathodes o f the output stage, and since 
this w ind ing is g rounded at its mid
point , nei ther o f these taps (7 and 8") 
can be grounded. I f required, a 600-
ohm wind ing can be supplied separate 
from any o f the other windings of this 
transformer. 

The amplifier is designed in a man

ner similar to that described for the 
power supply, namely, that the driver 
coi l and output coi l are pot ted in the 
box fo rming the unit, that the top in
cludes a number o f sockets which are 
interwired to provkle the proper cir
cui t ry and the other elements p lug into 
these sockets to provide the proper am
plifier arrangement. Th i s permits easy 
"substi tution method" servicing, fixes 
the relative posit ion o f components , 
p rov id ing for better un i formi ty in man
ufacture and permits unusual arrange
men t features. For instance, the input 
level to the amplifier is approximately 
zero db when connected in to the phase 
inverter . T h e plug- in "p reamp" provides 
an addit ional 34 db gain , and a triple-
shielded input t ransformer provides an 
addi t ional 20 to 30 db depending on 
which input connect ion is used 30, 150, 
600 ohms or br idging input. A control 
conso le is available which includes tone 
cont ro l , addit ional preamps and neces
sary swi tching for mic rophone , phono
graph, and radio inputs. A n equalizer-
amplifies which fol lows the N A B re
co rd ing curve and with a gain of 20 
db at 1.0(10 cycles may be plugged into 
the unit . 

Figure 10 illustrates the average per
f o r m a n c e characterist ics o f the ampli
fier. T h e gain-frequency characteris
tics m a y seem abnormally wide, but 
since it was desired to provide a manu
factured product which could be guar
anteed to deliver 50 watts at any fre
q u e n c y f rom 20 to 20,000 cps with less 
than 1 per cent harmonic or in te rmodu-
la t ion dis tort ion, this w ide band was 
f o u n d necessary to keep the phase shift 
reasonably low so that the feedback o f 
the higher fundamental f requencies and 
their harmonics would be in proper 
phase relationship to cancel out , and 
therefore improve the l inearity o f the 
amplifier. I f the phase shift at the per
t inent harmonics is 90 deg. o r more , 
no benefit is obtained f rom feedback, 
and since the feedback varies inversely 
f rom one at zero deg. phase shift to 
zero at 90 deg. approximately as the 
cos ine o f that angle, i t is seen that quite 
large phase angles are associated even 
wi th relatively small losses or varia
t ions in the gain-frequency character
istic. F o r instance, a change in response 
f rom 0 db to 0.1 db is inevitably asso
ciated srith 10 deg. o f phase shift. A 
change f rom 0 db to 3 db is always as
sociated with a 45 deg. phase shift. I t is 
instant ly obvious that i f these varia
t ions o c c u r at the fundamental , they 
are substantially more at the harmonic 
frequencies and, therefore, the effect 
of feedback is reduced in propor t ion to 
the cos ine o f these phase shift angles. 
In some cases this m a y cause instabili ty 
o f the amplifier, par t icular ly where 
large amounts o f feedback are used. 
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A E - 2 A M P L I F I E R E Q U A L I Z E R FOR T H E HOME 

McINTOSH ENGINEERING LABORATORY presents the Model A E - 2 Equalizer Amplifier Control 
after a year of development to bring about for the first time a stable, distortionless means of adjusting 
the bass and treble ends of the audio spectrum with no interaction between the various controls and 
complete freedom of transient distortion and amplifier instability. Several methods of equalizing were 
investigated and rejected because of inherent limitations. Four cathode coupled stages are used as 
well as four plate loaded stages to make this control truly an instrument of quality to be used with the 
unsurpassed McINTOSH amplifier now recognized as the world's finest. Following are a list of some 
of the features: 

1. No increase in distortion when used with the McINTOSH amplifier. The unit will 
deliver 4 volts at less than 0.3% distortion over the audio range, 20 cycles to 20 
kilocycles, for any setting of the equalizer. 

2. Circuit arrangement and techniques provide complete freedom from impulse types 
of distortion. (Turning the unit on and off or changing the level suddenly will not 
cause amplifier flutter.) 

3. Stable feedback amplification permits full adjustment of either the treble or bass 
controls without any amplifier instability whatsoever. 

4 . Minimum phase shift networks consistent with desired equalization. 

5. Complete self-contained 60-cycle, 117-volt, power supply transformer and rectifier 
to make the unit independent of the amplifier to which it is connected. 

6. Additional receptacle for connecting the amplifier so that the switch on the control 
unit will turn both the amplifier and control unit on and off. 

7. Calibrated potentiometer settings to permit resetting of controls with the assurance 
that repeated characteristics will be obtained. +15 db (gain) and - 2 0 db (loss) over 
flat zero settings. 

8. 300 and 500 cycle turnovers at 6 db octave rate available by the flip of a switch. 

9. Five input channels: Max. Input Min. Input 
1. Crystal pickup 20 Volts .01 Volts 
2. F M - A M tuner 20 .01 
3. Pickering pickup 0.3 .01 
4. G. E. pickup 0.3 .01 
5. Low level microphone 0.3 .01 

(20, .3 and .01 volts across 600 ohms would indicate approximately +28, 
-8 and -38 dbm respectively.) 

10. Separate adjustable level controls for F M - A M tuner and crystal pickups. 

11. Main volume control. 

12. Plug-in amplifier stages to facilitate servicing. 

13. Plug-in filter condensers (electrolytic). 

14. Six-foot input power cord provided. 

15. 10 inches wide, 10 1/4 inches deep, and 2 3/4 inches high basic unit overall dimensions. 

16. Available in hammertone grey - wooden cabinet or book enclosure. 

TO THE LISTENER: This instrument of quality provides for the controi necessary to give ideal 
listening condition for normal levels of sound and is designed to accommodate practically all record
ings now available. Instructions are included which give positive information on the settings of the 
various controls to compensate fully for the recording characteristics and to permit the adjustment 
of the mellowness or the brilliance to suit the discriminating individual. This unit used with the 
McINTOSH amplifier will give performance of unbelievable realism and provides the finest instrumen
tality for music and sound reproduction that electronic engineers have been able to devise up to this 
time. 


